ABSTRACT Enucleation techniques combining mild centrifugation in the presence of cytochalasin B permit cells to be separated into nuclear fragments (karyoplasts) and cytoplasmic fragments (cytoplasts). These fragments, though stable for a short time, will ultimately degenerate by the procedures described in this report. One can, however, fuse cytoplasts to karyoplasts by using polyethylene glycol and obtain viable reconstituted cells whose properties may be useful for understanding some aspects of the nuclear-cytoplasmic interactions associated with tumorigenicity and steroidogenesis. However, the presence of cybrids, hybrids, and parental whole cell contaminants along with the reconstituted cell population make it necessary to have genetic markers that reside in both the nucleus and cytoplasm in order to preferentially identify reconstituted cells derived from a karyoplast fused to a cytoplast. By utilizing the Y-1 cell line, which is tumorigenic and responds to corticotropin b secreting steroids, and the AMT-BU-A1 (AMT) cell line, which is nontumorigenic and does not respond to corticotropin but has a nuclear marker, BrdUrdr, anda cytoplasmic marker, CAPrF we have reconstituted cells containing Y-1 karyoplasts and AMT cytoplasts. In this report we extend our previous techniques by describing an identification procedure that allowed us to isolate cells reconstituted from AMT karyoplasts fused to Y-1 cytoplasts. The results of these experiments support the concept that with these cell lines the nucleus (karyoplast) is ultimately sufficient to control the phenotypic expression or suppression of tumorigenicity and steroidogenesis.
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Recent technological advances have allowed investigators to remove the nucleus (karyoplast) from one cell and place that karyoplast into another enucleated cell (cytoplast) (1) . The properties of such reconstituted cells may be a potentially valuable tool useful in extending our understanding of nuclear-cytoplasmic interactions. This reconstitution procedure begins by centrifuging monolayers of cells in the presence of cytochalasin B, which results in the separation of the cells into two fragments. One of the fragments contains the nucleus surrounded by variable amounts of cytoplasm and an intact plasma envelope and has been termed karyoplast (2, 3) ; the other fragment is composed of t90-95% of the cell's original cytoplasm and has been termed cytoplast (2, 3) . These fragments may be fused together by using Sendai virus or polyethylene glycol; this process is called cell reconstitution. Because neither of these procedures (enucleation or reconstitution) is 100% efficient, it is necessary to have some way to identify or select reconstituted cells from contaminating parental whole cells, cybrids (the result of the fusion of a cytoplast to a whole cell) (4) , and hybrids (one whole cell fused to another whole cell). Previous techniques have made use of physical markers such as latex spheres or genetic markers, such as resistance to bromodeoxyuridine (BrdUrd) and chloramphenicol (CAP), to identify or select for the desired reconstituted cells (5) . In this paper we extend our previous reports by describing an alternative method for identifying reconstituted cells.
In these experiments we used the Y-1 and the AMT-BU-Al (AMT) cell lines. The Y-1 cell line did not contain any known genetic markers; however, these cells are highly tumorigenic, as tested by growth in nude mice, and have retained the differentiated trait of responding to corticotropin (ACTH) treatment by rounding up and secreting steroids into the culture medium. The AMT cell line contains two genetic markers, a nuclear mutation (TK-) resulting in the deficiency of thymidine kinase, TK-will not allow these cells to grow in hypoxanthine/aminopterin/thymidine (HAT) medium but will allow these cells to grow in the presence of BrdUrd. The other mutation (CAPr) is cytoplasmically inherited (mitochondrial), which allows the cells to survive chloramphenicol treatment. In addition, the AMT cell line is characterized by the inability to respond to ACTH and is nontumorigenic, as defined by the inability to form tumors in nude mice.
By using a described selection technique (5), we were able to reconstitute cells from AMT cytoplasts fused to Y-1 karyoplasts [Y-1(k)xAMT(c)]. By using the techniques described here, we were also able to isolate cells that were reconstituted from an AMT karyoplast fused to a Y-1 cytoplast [AMT(k)xY-1(c)J.
The parental cells and both types of reconstituted cells were analyzed for their ability to secrete steroids in response to ACTH treatment and also for their ability to grow in soft agar and produce tumors in nude mice.
MATERIALS AND METHODS
Cell Culture. The tumorigenic Y-1 line was originally derived from a murine adrenal tumor and is characterized by the ability to secrete steroids in response to ACTH treatment (6 
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Enucleation. The Y-1 and AMT cells are flat and strongly adherent to Falcon 3013 25-cm2 tissue culture flasks and are therefore easily enucleated with high efficiency by using described techniques (5, 10, 11) . In brief, almost confluent flasks of Y-1 and AMT cells were completely filled with Dulbecco's modified Eagle's medium containing 10 ug of cytochalasin B per ml and centrifuged in a GSA rotor for 20-30 min at 20,000 X g at 37°C in acrylic holders in a Sorvall RC-5 superspeed centrifuge. Enucleation efficiency of 95-99% or better is routinely obtained with these cell lines without substantial cell detachment.
Fusion. The karyoplasts and cytoplasts were mixed and fused by using polyethylene glycol 400 Mr as described for whole cells (12) . Essentially, the mixture of 2 X 106 karyoplasts and 2 X 106 cytoplasts was centrifuged at 500 X g for 2 min in a 15-ml conical centrifuge tube. Most of the culture medium was removed without disturbing the pellet, 1 ml of a 50% polyethylene glycol 400-Mr solution was carefully added to the pellet, and the cells were gently mixed for 1 min at room temperature. The solution was then diluted with 10 ml of complete growth medium and immediately centrifuged at 500 X g for 2 min. The supernate was removed, 2 ml of complete growth medium was added, and centrifugation was repeated. The resulting fused cell fragments were then plated out in culture flasks at densities of less than 2 X 104 cells per cm2. This procedure results in t5% of the cytoplasts receiving a nucleus.
Selection of Reconstituted Cells. The reconstitution experiments combining Y-I karyoplasts to AMT cytoplasts used the selection procedure, illustrated in Fig. 1 (Fig. 2) . The Y-1 cells that did not enucleate and whole cell hybrids died in the presence of BrdUrd. The surviving BrdUrd-resistant reconstituted cells, AMT parentals, and cybrids (AMT whole cells X Y-1 cytoplasts) were then isolated; each growing clone was split and one half of each clone was placed in complete growth medium and the other half was placed in growth medium containing CAP. A clone that survived in medium containing CAP must have been derived from either a whole AMT cell or a cybrid. Cells that died in CAP (but had survived the BrdUrd treatment) must have been reconstituted cells. Thus, the AMTs and cybrid clones were identified and eliminated from further study. The replicate CAP-sensitive clones, which were maintained in normal growth medium, were then analyzed (Fig. 2) . Of the 47 clones of cells cultured, only two were found to be CAP-sensitive reconstituted cells. A possible reason why only two clones of reconstituted cells were identified by using these procedures is that most karyoplasts contain a few mitochondria (2, 3) and, in this case, the mitochondria would be CAPr. Therefore, it is possible that only karyoplasts that contain no mitochondria would reconstitute a cell that was CAPS.
In Vitro and In Vivo Tumor Assays. The parental cells and reconstituted cells were studied for their ability to grow in soft agar by using the technique described by Miller et al. (13) .
We also tested the ability of these cells to grow and produce tumors in nude mice. The nude mice used in these experiments were obtained from John Porter (The University of Texas Health Science Center at Dallas). These mice had the nude marker on an outbred background; they were all males, 2-3 months of age. Cells to be injected were trypsinized from the growth substratum, the trypsin was then neutralized with complete growth medium, and the cells were diluted to 2 X 106 per ml. A total of six animals was used to test each parental and reconstituted cell line. Two animals were each inoculated with either 0.5 X 106, 1 X 106, or 2 X 106 cells. The cells were injected subcutaneously by using a 21-gauge needle. Steroidogenesis Assays. Addition of 100 milliunits of ACTH per ml of growth medium for 30 min to Y-1 cells resulted in a dramatic change in morphology and secretion of steroids into the culture medium, as reported (14) . Biochemical analysis of the growth medium taken from populations of whole Y-1 cells or Y-1 cytoplasts treated with ACTH for 30 min resulted in greater than a 10-fold increase in the amount of steroids secreted, compared to the nontreated controls. Because quantitation of the amount of steroids secreted by individual cells or small clones of reconstituted cells is impractical, we chose to use the properties of morphological rounding up as an index of steroid potential in single cells and then to reanalyze biochemically the same clones when they had grown to a density that permitted quantitation of steroids secreted, using the technique described by Temple RESULTS AND DISCUSSION By using described techniques (1, 5) , karyoplasts derived from the steroid secreting Y-1 cells were fused to cytoplasts derived from the nonsecreting AMT cells, and single cells not containing latex spheres were placed in medium containing HAT/CAP to select against cells that were not reconstituted; the surviving clones were studied with time for their ability to respond to ACTH (Fig. 1) . Approximately 24 hr after fusion numerous reconstituted cells were tested for morphological changes upon ACTH treatment and were found to be nonresponsive. Three times weekly during the next 30 days, these cells were subsequently retested for their ability to round up when treated with ACTH. After 30 days and approximately 10 doublings, all six clones that were isolated became responsive to ACTH. That is, when these cells were treated with ACTH for 30 min, 80-90% of the cells rounded up. These clones continued to be responsive from that point until the present and steroid secretion has since been biochemically confirmed. After 6 weeks of growth in medium that contained CAP, these reconstituted cells were placed in medium without CAP and have retained their resistance to CAP for at least 6 months.
When karyoplasts derived from the nonsecreting AMT cells were fused to cytoplasts derived from the steroid-secreting Y-l cells , these cells, which upon further characterization were proven to be reconstituted cells, were tested daily and observed to be initially responsive to ACTH, as determined by morphological rounding up, but then lost the ability to respond after 2-3 days. The parental cells and reconstituted cells were also studied for their ability to grow in soft agar. We Approximately 4 months after fusion these cells were also tested for their ability to produce tumors in nude mice. When 0.5 X 106, 1 X 106, or 2 X 106 Y-1(k)xAMT(c) cells were injected subcutaneously into six nude mice (two mice per density), all six mice produced large (1-2 cm) tumors in 4 weeks, even with the lower inoculum of cells. After 4 weeks the tumors were removed from the animals and placed back in culture to be tested for the ability to respond to ACTH. In all instances the tumors were proven to be morphologically responsive to ACTH and secreted steroids, as determined biochemically, and were also resistant to CAP. An additional six mice were injected with the Y-1 parentals at the same inoculation densities and in all instances when the tumors were placed back in culture the cells were responsive to ACTH and were sensitive to CAP. This is in contrast to the data obtained from similar inoculations of AMT or AMT(k)xY-1(c) cells into six nude mice. In these experiments none of the mice produced tumors, even after 8 weeks. Necropsy of these animals at the end of this time also failed to show any sign of tumor formation.
We have also karyotyped the reconstituted cells and have found that the chromosome constitution is stable and identical to the nuclear donor. Morphologically, the reconstituted cells are identical to the nuclear donor. The AMT and AMT(k)xY-1(c) cells are fibroblastic in shape, whereas the Y-1 and Y-1(k)xAMT(c) cells are epithelioid.
We feel the techniques presented in this report offer a valuable approach to study such interesting phenomena as gene regulation, aging, metastasis, cell surface phenomena, and other aspects of cell differentiation. Because with these selection and identification systems mutations are required in only one of the parental cells, the other parental cell line does not need to be mutagenized. Even though the results of these experiments tend to indicate that tumorigenicity and steroidogenesis are ultimately controlled by nuclear genes, we should point out that karyoplasts contain 2-6% of the whole cell's cytoplasm and this small amount of cytoplasm may exert some unknown effects. Perhaps with other systems, phenotypic traits may be found that are controlled by some epigenetic factors residing within the cell cytoplasm.
